It happens that s 2 andŝ 2 are equal with 0.1% accuracy, though they are split by radiative corrections and a natural estimate for their difference is 1%. This degeneracy occurs only for mt value close to 170 GeV, so no deep physical reason can be attributed to it. However, another puzzle of the Standard Model, the degeneracy of s 2 eff and s 2 , is not independent of the previous one since a good physical reason exists for s 2 eff andŝ 2 degeneracy. We present explicit formulas which relate these three angles.
Introduction
Nowadays, when almost all LEP I data are analyzed and published, one can finally tell that the Standard Model is absolutely adequate to the experimental data. The quality of fit of LEP I, SLC and other precision data is characterized by the value of χ 2 /d.o.f = 14.4/14 1 , which cannot be better. What can be extracted from precision measurements for the future in addition to the bounds on the Higgs boson mass m H (which unfortunately are rather weak 1,2 )? As everybody knows, it is the value ofŝ 2 Z ≡ sin 2θ Z which is used to study gauge couplings unification in the framework of GUT models. The corresponding angle is calculated in the modified minimal subtraction scheme (MS), with µ = m Z . From 3 one can see that this quantity appears to be numerically very close to the phenomenological parameter s 2 ≡ sin 2 θ, which is defined by the best measured quantities G F , m Z andᾱ ≡ α(m Z ):
and which was used to describe electroweak precision data in a natural way (for 1 review and references see 4 ). This should be compared with
The aim of the present paper is to present a formula which provides the relation between s 2 andŝ 2 ≡ sin 2θ . Analyzing it we will see that this numerical coincidence occurs only for the top quark mass m t close to 170 GeV, so it is really a coincidence without any physical explanation. At this point it is useful to remind that there is one more coincidence in the Standard Model: s 2 eff ≡ sin 2 θ eff , which describes asymmetries in Z boson decays, happens to be very close to s 2 . And also this occurs only for m t close to 170 GeV. However, writing the expression forŝ 2 through s 2 eff
we will see that these two angles are naturally close, and their coincidence does not depend on the top mass and has a straightforward physical explanation. In this way we will see that, instead of two accidental coincidences between three mixing angles, we have only one.
2.ŝ 2 versus s 2
To get necessary formulas we should start from the expression for the MS quantitŷ
whereĝ 0 andĝ 0 are W and Z boson bare coupling constants defined in MS renormalization scheme with µ = m Z . The simplest way to get the expression forŝ 2 in terms of s 2 and the combination of polarization operators is to follow the procedure discussed in 6 . That is, to write the expressions for G F , m Z andᾱ through bare parameters plus radiative corrections and to solve them for bare charges through cos θ, sin θ and radiative corrections. At a certain stage, angle θ 0 was introduced in
, and the following expression for its cosine was obtained:
where D comes from the box and vertex radiative corrections to muon decay, and Π i are the polarization operators. This angle θ 0 will coincide withθ if D and Π i are calculated in MS framework with µ = m Z . From (6) we easily get:
where the quantities with a hat are calculated in MS. Since the last equation is central for the present paper, let us give a different derivation of it. We start from the formulas for the vector boson masses which take place in MS renormalization scheme:
where
. From eqs. (4), (5), (8) and (9) we get (see also 5 ):
where in the last expression we have substituted (m W /m Z ) 2 with c 2 in the factor which multiplies Π i , which is correct at one-loop level. Now for the ratio m W /m Z in the last expression in (10) we should use a formula which takes radiative corrections into account. We follow a general approach to the electroweak radiative corrections presented partly in 6 , so we use eq. (38) from that paper:
Since both m W /m Z and c are finite, the expression for the radiative corrections is finite as well and we can use MS quantities in it:
Substituting the last equation in (10), we obtain:
which coincides with eq. (7). In figure 1 we show theŝ 2 − s 2 dependence on m H and m t .
† It is clear thatŝ 2 is close to s 2 only for m t around 170 GeV, so one cannot find any physical reason for the closeness of these two angles. The fact thatŝ 2 − s 2 rapidly varies with m t can be figured out from the large m t approximation:
(14) † In order to take into account top and W boson contributions to α, we used s 2 + 0.00015 instead of s 2 in (13) (see 7 ) .
At this point we state that the numerical closeness ofŝ 2 and s 2 is a mere coincidence without any deep physical reason. However, the reason exists for the closeness of θ and another electroweak mixing angle, θ eff . On the other hand, θ eff appeared to be numerically close to θ and this solves the puzzle (according to the last data fit, sin 2 θ lept eff = 0.2315(2)). (7) and (15) we get (see also 8 ):
The form of the last equation can be foreseen without any calculation. The point is that bothθ and θ eff are defined by the ratio of bare gauge coupling constants; the difference between them arises since θ eff describes Z → e + e − decays and in this case the additional vertex radiative corrections as well as Z → γ → e + e − transition contribute to θ eff . In (16) 
Having all the necessary formulas in our disposal, we are ready to make numerical estimates. Using expressions (93), (94) 
Substituting (18), (19) and (20) into (16) 2 difference 2 loop contributions can be comparable or even larger than 1 loop. Now we will calculate the leading two loop corrections. They are of the order of αα s and come from the insertion of a gluon into quark loops which contribute tô Π γZ (m 2 Z ). There are two types of one-loop diagrams: with light quarks (u, d, c, s, b) and with heavy top (t). We extract necessary 2-loop formulas from the Kniehl paper 10 . However, in that article all calculations were made with ultraviolet cutoff Λ. To convert to MS we compare these formulas with calculations of Djouadi and Gambino 10 . In this way we find the following replacement rule:
where the last equality holds for µ = m Z . For the case of light quarks contribution (u, d, c, s, b), we get:
where we useα s (m Z ) = 0.12 for numerical estimate. For the contribution of the top quark we obtain:
where t ≡ (m t /m Z ) 2 and 11,10 :
Substituting (23) and (24) into (16), we find:
where the first number corresponds to the corrections of order α shown in (21) 
Adding (29) to (28) we finally get:
It is instructive to compare the last formula with the corresponding numbers in Tables 1 and 2 
Conclusions
Coming back to the title of the present paper, we should study eq. (13) in more details. From this equation (or looking at fig. 1 ) one can see that, for m t = 170 GeV and m H = 111 GeV,ŝ 2 equals s 2 with high accuracy:
Taken into account "theoretical" prediction:
which is valid for m t = 170 GeV, m H = 111 GeV, and comparing (2), (31) 
where we take into account that in expression for s lept eff 2 through s 2 radiative corrections are finite, so MS subtraction should not be imposed; expressions for δ i V R can be found in 4 and 9 :
δ 2 V R (t, h) = 4 3α
where the expression for V 1 is given in (26) and expressions for A 1 , F 1 and A can be found in 4 and 9 . Substituting eqs. (23), (24) and (34)-(37) into (33), taking into account eq. (29) and making numerical estimate, we get: 
